In the presence of a magnetic impurity the spin-up and down band states are modified differently by the impurity. If the multi-electron scalar product (MESP) between the occupied spin-up and down states approaches zero then this defines an orthogonality catastrophe. In the present paper the MESP is investigated for the FAIR (Friedel Artificial Iserted Resonance) solution for a Friedel-Anderson impurity. A basis of Wilson states is used. The MESP is numerically determined for the (enforced) magnetic, the singlet, and the triplet states as a function of the number N of Wilson states. The magnetic and the triplet state show an exponentially decreasing MESP as a function of N . Surprisingly it is not the number of states which causes this decrease. It is instead the energy separation of the highest occupied state from the Fermi energy which determines the reduction of the MESP. In the singlet state the ground-state requires a finite MESP to optimize its energy. As a consequence there is no orthogonality catastrophe. The MESP approaches a saturation value as function of N .
Introduction
The orthogonality (or infrared) catastrophe was introduced and discussed already 40 years ago [1] , [2] , [3] , [4] . An example is a magnetic impurity in a metal host which interacts with the conduction electron in the form H ′ = 2J (r) s · S. The effect of the z-component 2J (r) s z S z is the following. Let the spin direction of the impurity point upwards. Then the wave function of the conduction electrons is pulled towards or pushed away from the impurity, depending on the electron spin. As a consequence the scalar product of corresponding selectron states with opposite spin is slightly less than 1.
If we denote the resulting (modified) bases for spin up and down as c
The common argument is that the multi-electron scalar product between all occupied s-states with spin up and those with spin down approaches zero when the number of occupied s-electron states approaches zero. If one compliments this system of impurity with spin up plus polarized conduction electrons with the time reversed system where all spin directions are reversed then a transition between the two by spin-flip processes of the form J (r) [s + S − + s − S + ] has vanishing amplitude. Therefore the non-diagonal part of the s · S interaction tries to prevent the orthogonality catastrophe. This can be well traced in the Fair treatment of the Kondo impurity.
In the following the Friedel-Anderson (FA) impurity will be discussed where this process is less obvious. The Hamiltonian for the FA-impurity is given by
During the past few years the author has introduced a new numerical approach to the Kondo and the FA-impurity problem, the FAIR-method (Friedel Artificially Inserted Resonance) [5] , [6] [7] . It is based on the fact the n-electron ground state of the Friedel Hamiltonian (consisting of an electron band and a d-resonance) can be exactly expressed as the sum of two Slater states [8] 
where a † 0 is an artificial Friedel resonance state which determines uniquely the full orthonormal basis a †
i . An extension of this ground state to the Friedel-Anderson and Kondo impurity problem yields good numerical results. Recently this method was applied to calculate the Kondo polarization cloud for those impurities [9] .
Three different solutions of the FA-Hamiltonian will be discussed: the magnetic state, the singlet state and the triplet state. For sufficiently large U this Hamiltonian yields a magnetic state at temperature only above the Kondo temperature T K . However, a magnetic state can be enforced by the structure of the variational state. This state will be called the enforced magnetic state. This avoids the finite temperature treatment. This magnetic solution Ψ M S has the form
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The singlet state
In the next step I calculate the MESP for the singlet ground state. The same parameters 
The triplet state
If one arranges the spins in each component in equ. (5) The reason for this different behavior is rather transparent. The energy expectation value of the enforced magnetic state does not depend on the MESP. The s-d transitions happen only within the same spin orientation and therefore between the same bases. As an example, one has the transition
Here the matrix element is just
There are no processes that involve the MESP. On the other hand in the singlet state one has transitions from
Such a transition is proportional to the square of the MESP. To be able to harvest energy from these processes the states a † i+ and a † i− are, for small energies, aligned parallel to each other.
In Fig.6 the corresponding single-particle scalar products a †
for the triplet state are plotted as a function of i. With exception of the few (2 -4) points in the center the results is very close to the result of the enforced magnetic state. The two (magnetic) components of the triplet state are essentially decoupled because the coupling is proportional to M (N/2 2 which is of the order of 10 −7 . Therefore the triplet state is essentially equal to the sum of the enforced magnet state plus its time-(spin-) reversed partner (for sufficiently large N). , .., − 
